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Fhqwuh gh od fkdulwì/
5 uxh gh od fkdulwì/
46335/ Pduvhlooh/ Iudqfh1
Who1 = .66 9 44 88 57 8:/
Id{ qxpehu= .66 7 <4 <3 35 5:/
h0pdlo= klfkulChkhvv1fquv0puv1iu
4 L zlvk wr wkdqn Dodq NLUPDQ iru wkh vxshuylvlrq ri wklv zrun dqg V|oylh WKRURQ dqg Pduf ZLOOLQJHU iru wkhlu
yhu| khosixo frpphqwv1 L dovr wkdqn wkh sduwlflsdqwv wr wkh Zrunvkrs rq Hfrqrplfv dqg Khuhurjhqhrxv Lqwhudfwlqj Djhqwv
+ZHKLD/ Lwdo|,/ wkh Hxurshdq Vflhqfh Dvvrfldwlrq +HVD/ Vwudverxuj, dqg wkh 9ëphv Mrxuqìhv g*Hfrqrplh H{sìulphqwdoh
+MHH/ Sdulv,1 L*p dovr judwhixo wr Mrugl EUDQGWV iru khoslqj ph gxulqj p| vwd| lq Edufhorqd dqg Dqwrql ERVK iru
pdnlqj wkh Ohh[ dydlodeoh iru ph1
4
Devwudfw
Zh uxq d sxeolf jrrg h{shulphqw zlwk irxu glhuhqw wuhdwphqwv1 Wkh sd|r ixqfwlrq lv
fkrvhq vxfk wkdw wkh Qdvk htxloleulxp +QH, dqg wkh froohfwlyh rswlpxp +FR, duh erwk lq wkh
lqwhulru ri wkh vwudwhj| vsdfh1 Zh wu| wr whvw wkh hhfw ri ydu|lqj wkh ohyho ri wkh froohfwlyh
rswlpxp/ zklfk fkdqjhv wkh vrfldo glohppd/ lqyroyhg lq wkh ghflvlrq dv wr krz pxfk wr
frqwulexwh wr wkh sxeolf jrrg 1 Rxu uhvxowv vkrz wkdw frqwulexwlrqv lqfuhdvh zlwk wkh ohyho ri
wkh lqwhulru FR1 Wkhuh lv ryhufrqwulexwlrq lq frpsdulvrq wr wkh QH dqg xqghu frqwulexwlrq
lq frpsdulvrq wr wkh FR1 Exw frqwulexwlrqv duh dv idu iurp wkh FR dv wkh ohyho ri wklv iruphu
jhwv kljk1 Dq ryhufrqwulexwlrq lqgh{ wkdw wdnhv lqwr dffrxqw wkh hhfwlyh frqwulexwlrq uhodwlyh
wr erwk/ wkh QH dqg wkh FR/ vkrzv wkdw vxemhfwv dgrsw d frqvwdqw ehkdylru zkloh sdvvlqj
iurp rqh wuhdwphqw wr dqrwkhu= wkh| frqwulexwh d frqvwdqw vkduh ri wkh FR1
Uìvxpì
Qrxv suìvhqwrqv xqh h{sìulhqfh gh frqwulexwlrq ã xq elhq sxeolf1 Od irqfwlrq gh sdlhphqw
hvw fkrlvlh whooh txh o*ìtxloleuh gh Qdvk hw o*rswlpxp froohfwli vrqw lqwìulhxuv1 Qrxv whvwrqv
o*hhw gh od yduldwlrq gx qlyhdx gh o*rswlpxp froohfwli vxu ohv frqwulexwlrqv ghv djhqwv dx elhq
sxeolf1 Qrxv suìvrqwrqv dlqvl txdwuh wudlwhphqwv glìuhqwv/ rü fkdtxh wudlwhphqw hvw gìql
sdu xq qlyhdx gh o*rswlpxp froohfwli1 Qrv uìvxowdwv prqwuhqw txh fhwwh frqwulexwlrq dxjphqwh
dyhf oh qlyhdx gh o*rswlpxp froohfwli lqwìulhxu1 Lo | d xqh vxufrqwulexwlrq sdu udssruw ã
o*ìtxloleuh gh Qdvk hw xqh vrxv0frqwulexwlrq sdu udssruw ã o*rswlpxp1 Pdlv fhv frqwulexwlrqv
vrqw g*dxwdqw soxv orlqv gh o*rswlpxp txh oh qlyhdx gh fh ghuqlhu dxjphqwh1 Oh Fdofxo
g*xq lqglfh gh vxufrqwulexwlrq txl suhqg hq frpswh od frqwulexwlrq hhfwlyh uhodwlyhphqw ã
o*ìtxloleuh gh Qdvk hw ã o*rswlpxp froohfwli/ prqwuh txh ohv vxmhwv dgrswhqw xq frpsruwhphqw
lqyduldqw oruv gx sdvvdjh g*xq wudlwhphqw ã xq dxwuh= lov frqwulexhqw xqh sduw frqvwdqwh gh
o*rswlpxp froohfwli1
Nh|0zrugv= Sxeolf Jrrgv/ H{shulphqwv/ Lqwhulru Vroxwlrqv/ Vrfldo Glohppd1
Prwv foìv= Elhqv Sxeolfv/ Hfrqrplh H{sìulphqwdoh/ Vroxwlrqv Lqwìulhxuhv/
Glohpph Vrfldo1




Wkh sureohp ri krz pxfk shrsoh frqwulexwh wr wkh surylvlrq ri d sxeolf jrrg lv d yhu| rog rqh lq
hfrqrplfv1 Iru wkh sxeolf jrrg wr eh surylghg dw d vrfldoo| rswlpdo ohyho frrshudwlrq dqg frruglqdwlrq
lv qhfhvvdu|1 Iru/ wkrvh zkr frqwulexwh uhdol}h wkdw wkh| kdyh dq lqfhqwlyh wr ghyldwh/ wr iuhh0ulgh1
Krzhyhu/ li doo wkh sduwlflsdqwv uhdvrq lq wklv zd|/ wkh uhvxow zloo eh d Qdvk htxloleulxp jhqhudoo| zhoo
ehorz wkh vrfldoo| rswlpdo ohyho ri frqwulexwlrq1 Wkh whqvlrq ehwzhhq wkh qrqfrrshudwlyh dqg frrshudwlyh
vroxwlrqv lv riwhq uhihuuhg wr dv wkh vrfldo glohppd5 1
H{shulphqwdo hfrqrplfv zrxog vhhp wr eh wkh reylrxv zd| wr h{dplqh wkh ehkdylru ri lqglylgxdov
lq vxfk vlwxdwlrqv dqg pdq| h{shulphqwv kdyh lqghhg ehhq uxq1 Wkh jhqhudo frqfoxvlrq lv wkdw shrsoh
v|vwhpdwlfdoo| frqwulexwh ohvv wkdq wkh vrfldo rswlpxp exw pruh wkdq wkh Qdvk htxloleulxp1 Ixuwkhu0
pruh/ frqwulexwlrqv glplqlvk dv wkh vlwxdwlrq lv uhshdwhg1 Qhyhuwkhohvv/ wkhuh lv w|slfdoo| shuvlvwhqw
ryhufrqwulexwlrq1
Lq wkh edvlf jdph ri sulydwh frqwulexwlrq wr d sxeolf jrrg/ hdfk vxemhfw kdv wr vsolw dq lqlwldo hq0
grzphqw lqwr wzr sduwv= wkh uvw sduw uhsuhvhqwv klv sulydwh vkduh dqg wkh rwkhu sduw uhsuhvhqwv klv
frqwulexwlrq wr wkh sxeolf jrrg1 Wkh sd|r ri hdfk vkduh ghshqgv rq dqg ydu| zlwk wkh h{shulphqwdo
ghvljq/ exw lv jhqhudoo| olqhdu +Dqguhrql +4<<8,,1 Wklv olqhdu fdvh jlyhv ulvh wr d fruqhu vroxwlrq1 Lq idfw/
dvvxplqj wkdw lw lv frpprq nqrzohgjh wkdw sod|huv duh udwlrqdo sd|r pd{lpl}huv/ vxfk d ixqfwlrq jlyhv
d Qdvk htxloleulxp +QH, dw }hur dqg ixoo frqwulexwlrq dv vrfldo rswlpxp1 Dv lw kdv ehhq phqwlrqhg/
h{shulphqwdo vwxglhv vkrz wkdw wkhuh lv jhqhudoo| ryhufrqwulexwlrq +63 wr :3( ri wkh lqlwldo hqgrzphqwv,
lq frpsdulvrq wr wkh QH1
Wzr qdwxudo txhvwlrqv dulvh1 Zk| gr shrsoh ehkdyh glhuhqwo| wkdq wkh wkhru| pljkw suhglfwB Krz gr
wkh ydulrxv sdudphwhuv ri wkh sduwlfxodu vlwxdwlrq zlwk zklfk lqglylgxdov duh idfhg lq xhqfh wkh rxwfrphB
Wkh dqvzhuv wr wkhvh wzr txhvwlrqv duh qrw xquhodwhg dqg uhvsrqvhv wr wkh vhfrqg fdq holplqdwh srvvleoh
h{sodqdwlrqv iru wkh uvw1 Wklv zloo eh wkh fdvh khuh1
Lqghhg/ wkh sxusrvh ri wklv sdshu lv wr surylgh vrph dqvzhuv wr wkh vhfrqg txhvwlrq dqg/ lq sduwlfxodu
wr irfxv rq wkh hhfw wkdw ydu|lqj d sduwlfxodu sdudphwhu/ wkh ohyho ri wkh vrfldo rswlpxp kdv rq frqwul0
exwlrqv1 Wklv sdudphwhu kdv qrw ehhq vlqjohg rxw iru h{dplqdwlrq lq suhylrxv zrun rq wklv vxemhfw1 D
vhulhv ri h{shulphqwv zhuh uxq wr h{dplqh wkh hhfw ri yduldwlrqv lq wkh vrfldo rswlpxp dqg vrph fohdu
uhvxowv hphujhg1
Vxfk dq dssurdfk lv lq wkh olqh ri wkh pdmru olwhudwxuh wkdw kdv vsuxqj xs dqg zklfk wulhv wr vxjjhvw
h{sodqdwlrqv iru ryhufrqwulexwlrq dqg wr whvw wkhvh e| ydu|lqj glhuhqw sdudphwhuv1
Wklv olwhudwxuh wulhv wr dqvzhu zk| gr zh kdyh d glhuhqfh ehwzhhq wkh wkhruhwlfdo dqg wkh h{shulphq0
wdo uhvxowv1 Wr gr vr/ glhuhqw sdudphwhuv zhuh h{shulphqwdoo| whvwhg lq glhuhqw frqwh{wv wr vhh wkh hhfw
ri wkhlu yduldwlrq rq lqglylgxdo frqwulexwlrqv +iru d vxuyh|/ vhh Gdylv dqg Krow +4<<6,/ Ohg|dug +4<<8,
dqg Nhvhu +5335,,1 Dprqj wkh h{sodqdwlrqv jlyhq wr ryhufrqwulexwlrq/ wkhuh lv dowuxlvp +Dqghuvrq hw do1
+4<<;,,/ htxlw| +Fkdq hw do1 +4<<:,,/ uhflsurflw|/ nlqgqhvv dqg frqixvlrq +Dqguhrql +4<<8, dqg Sdoiuh|
dqg Sulveh| +4<<:,,/ hwf111
Dqrwkhu srvvleoh h{sodqdwlrq lv wkdw shrsoh vlpso| pdnh huuruv1 krzhyhu/ wkh edvlf vhw0xs ri prvw
h{shulphqwv pdnhv wklv gl!fxow wr whvw1 Prvw h{shulphqwv kdyh ehhq uxq lq d olqhdu frqwh{w dqg lq wkh
olqhdu fdvh/ jlyhq wkdw wkh QH lv dw }hur/ dqg vhhlqj wkdw vxemhfwv frxog qrw frqwulexwh qhjdwlyh dprxqwv
5D jhqhudo ghqlwlrq lv jlyhq lq X1 Vfkxo} hw do1 +4<<7/ Suhidfh, zkr ghqh wkh vrfldo glohppd dv d vlwxdwlrq zkhuh
wkhuh duh 111wzr uhohydqw w|shv ri vwudwhjlhv= d frrshudwlyh vwudwhj|/ zklfk jlyhv uhdvrqdeoh sd|rv wr doo sod|huv/ dqg dq
lqglylgxdolvwlf ru ghihfwlyh vwudwhj|/ zklfk jlyhv ghihfwruv d vrphzkdw kljkhu sd|r/ exw hvvhqwldoo| orzhu sd|rv wr wkh
rwkhuv/ lq d zd| wkdw wkh wrwdo vxp ri sd|rv ri wkh jurxs lv uhgxfhg1
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wr wkh sxeolf jrrg/ huuru fdq rqo| eh dq ryhufrqwulexwlrq1 Wr whvw wkh huuru k|srwkhvlv h{shulphqwdoo|/
Nhvhu +4<<9, pdgh d qhz h{shulphqw1 Vkh sursrvhg d qhz ghvljq lq zklfk wkh sd|r ixqfwlrq lv txdgudwlf
dqg wkh htxloleulxp lv d grplqdqw vwudwhj| lq wkh lqwhulru ri wkh vwudwhj| vsdfh1 Zlwk vxfk d ghvljq/
xqghufrqwulexwlrq ehfrphv srvvleoh dqg huuru rq dyhudjh frxog eh h{shfwhg wr eh qxoo1 Wkh uhvxowv
ri Nhvhu*v h{shulphqw vkrz wkdw lq hdfk shulrg/ frqwulexwlrqv duh deryh wkh grplqdqw vroxwlrq1 Wkh
urexvwqhvv ri ryhufrqwulexwlrq wr wkh yduldwlrq ri wkh htxloleulxp ohyho phdqv wkh uhmhfwlrq ri wkh huuru*v
k|srwkhvlv dv dq h{sodqdwlrq ri wkh glhuhqfh ehwzhhq wkh h{shulphqwdo dqg wkh wkhruhwlfdo uhvxowv1
Zloolqjhu dqg ]lhjhoph|hu +5334, uxq wkh vdph h{shulphqw wkdq Nhvhu +4<<9, zlwk wkh htxloleulxp
ohyho ri frqwulexwlrq dv d wuhdwphqw yduldeoh1 Wkh| xvh wkh vdph txdgudwlf sd|r ixqfwlrq dqg ydu|
wkh pdujlqdo sd|r ri wkh sxeolf jrrg vxfk wkdw wkh grplqdqw vwudwhj| wdnhv glhuhqw lqwhulru ohyhov1
Wkh h{shulphqwdo uhvxowv vkrz wkdw vxemhfwv* frqwulexwlrqv lqfuhdvh zlwk wkh htxloleulxp ohyho dqg wkdw
prylqj wkh htxloleulxp ohyho ri frqwulexwlrq forvhu wr wkh Sduhwr rswlpxp/ ohdgv wr d ghfuhdvh lq dyhudjh
ryhufrqwulexwlrq h{fhsw iru wkh yhu| kljk ohyho ri htxloleulxp6 1 Wkhvh uhvxowv frqup wkh vw|ol}hg idfw
ri ryhufrqwulexwlrq lq frpsdulvrq wr wkh wkhruhwlfdo htxloleuld/ exw uhmhfw vrph ehkdylrudo uxohv/ vxfk dv
dowuxlvp/ nlqgqhvv ru uhflsurflw|1
E| lqfuhdvlqj wkh pdujlqdo sd|r ri wkh sxeolf jrrg/ Zloolqjhu dqg ]lhjhoph|hu +5334, lqfuhdvh wkh
htxloleulxp frqwulexwlrq ohyho zkloh wkh Froohfwlyh Rswlpxp +FR, lv frqvwdqw dw wkh kljkhvw ohyho dqg
uhgxfh lq wklv zd| wkh vwuhqjwk ri wkh vrfldo glohppd71 Exw rqh wklqj wkxv uhpdlqv wr eh lqyhvwljdwhg
lv wkh hhfw ri ydu|lqj wkh FR ohyho rq frqwulexwlrqv/ zklfk lv wkh vxemhfw ri wklv sdshu1 Dqvzhulqj vxfk
d txhvwlrq lv lqwhuhvwlqj iru wzr uhdvrqv1 Wkh uvw rqh lv wr vhh zkhwkhu wkh vrfldo rswlpxp ohyho lv d
sdudphwhu wkdw dhfwv frqwulexwlrq ghflvlrqv1 Vhfrqg/ li wkh lq xhqfh ri wklv sdudphwhu lv frquphg
e| wkh h{shulphqwdo gdwd/ rqh kdv wr vhhn dq h{sodqdwlrq wr krz wkh ohyho ri wkh froohfwlyh rswlpxp
lqwhuyhqhv lq wkh ghflvlrq surfhvv dqg rqh kdv wr vhh zkhwkhu wkh yduldwlrq ri wkh vrfldo glohppd
dhfwv frqwulexwlrqv lq wkh vdph zd| dv lq Zloolqjhu dqg ]lhjhoph|hu +5334,1 Rxu sdshu wu| wr dqvzhu
wkhvh txhvwlrqv1
Lvddf dqg Zdonhu +4<<;,/ e| ydu|lqj wkh Qdvk htxloleulxp ohyho/ dovr dowhuhg wkh vrfldo glohppd/
exw wkh| gr qrw vshfli| zkhwkhu wkh FR ydu| ru qrw lq wkhlu ghvljq1 Zh zloo surfhhg glhuhqwo| dqg
irfxv h{shulphqwdoo| rq wklv vshflf zd| ri prgli|lqj wkh vrfldo glohppd1 Zh xvh d ghvljq wkdw jlyhv
dq lqwhulru exw doprvw xqfkdqjhg ohyho ri wkh Qdvk htxloleulxp dqg dq lqwhulru FR1 Zkloh wkh FR lq
Zloolqjhu dqg ]lhjhoph|hu +5334, grhv qrw ydu| zlwk wkh htxloleulxp ohyho/ zh zloo wdnh wklv rswlpxp
ohyho dv d wuhdwphqw yduldeoh1 Zh zloo frpsduh irxu wuhdwphqwv uhsuhvhqwlqj d orz +O,/ phglxp +P ,/ kljk
+K , dqg yhu| kljk +YK , ohyho iru wkh F1R1 Wkh uvw wkuhh ohyhov duh lq wkh lqwhulru ri wkh vwudwhj| vsdfh
zklfk uhvxowv gluhfwo| iurp rxu fkrlfh ri d qrq0olqhdu sd|r ixqfwlrq lq wkh sxeolf jrrg1 Wkh YK fdvh/
dv lq Zloolqjhu dqg ]lhjhoph|hu*v ghvljq jlyhv d fruqhu FR1
Dv lq Zloolqjhu dqg ]lhjhoph|hu +5334,/ wkh sdvvdjh iurp rqh wuhdwphqw wr dqrwkhu lqyroyhv dq lqfuhdvh
lq wkh pdujlqdo sd|r ri wkh sxeolf jrrg1 Exw zkloh wklv uhgxfhv wkh vrfldo glohppd lq Zloolqjhu dqg
]lhjhoph|hu +5334, +wkdw lv/ wkh QH ehfrphv forvhu wr wkh FR,/ lw kdv dq rssrvlwh hhfw lq rxu ghvljq
zkhuh lqfuhdvlqj wkh pdujlqdo sd|r ohdgv wr dq lqfuhdvh ri wkh vrfldo glohppd +wkh QH ehfrphv
ixuwkhu iurp wkh FR,1 D frpsdulvrq ehwzhhq rxu uhvxowv dqg Zkloolqjhu*v rqhv zrxog eh lqwhuhvwlqj wr
xqghuvwdqg ehwwhu wkh hhfw ri wkh vwuhqjwk ri wkh vrfldo glohppd rq frqwulexwlrqv1
Rxu uhvxowv vkrz wkdw frqwulexwlrqv ydu| zlwk wkh FR ohyho1 Wkhuh lv ryhufrqwulexwlrq lq frpsdulvrq
wr wkh QH1 Wklv ryhufrqwulexwlrq lqfuhdvhv zlwk wkh FR ohyho lq devroxwh ydoxh1 Qhyhuwkhohvv/ dyhudjh
6Xvlqj d sd|r ixqfwlrq wkdw lv txdgudwlf lq wkh sxeolf jrrg/ Lvddf dqg Zdonhu +4<<;, irxqg vljqlfdqw ryhu0frqwulexwlrq
iru orz/ exw qrw iru kljk ohyhov ri htxlololeulxp1
7Wkh vrfldo glohppd/ dv h{sodlqhg lq Zloolqjhu dqg ]lhjhoph|hu +5334,/ uhihuv wr wkh glhuhqfh ehwzhhq wkh htxloleulxp
frqwulexwlrq ohyho dqg wkh vrfldo rswlpxp1
7
frqwulexwlrqv uhpdlq sursruwlrqdwho| dv idu iurp wkh FR dv wkh ohyho ri wkh odwwhu jhwv kljk1 Frpsxwlqj
wkhvh frqwulexwlrqv lq uhodwlyh ydoxhv e| fdofxodwlqj dq ryhufrqwulexwlrq lqgh{ wkdw wdnhv lqwr dffrxqw wkh
QH dqg wkh FR/ vkrzv wkdw/ h{fhsw lq wkh YK wuhdwphqw/ wklv udwlr lv frqvwdqw1
Wkh sdshu lv rujdql}hg dv iroorzv= diwhu suhvhqwlqj lq Vhfwlrq wzr wkh olwhudwxuh ghdolqj zlwk lqwhulru
vroxwlrqv dqg wkh wkhruhwlfdo ghvljq ri rxu h{shulphqw/ zh lqwurgxfh wkh sudfwlfdo surfhgxuhv ri wkh










Dq lqwhulru vroxwlrq8 wr wkh sxeolf jrrgv frqwulexwlrq sureohp lv rqh lq zklfk wkh sod|huv gr qrw
frqwulexwh doo ru qrwklqj dw wkh FR qru dw wkh QH1 Lq rwkhu zrugv/ wkh| kdyh wr frqwulexwh d fhuwdlq
dprxqw wkdw lv glhuhqw iurp }hur dqg ohvv wkdw wkhlu lqlwldo hqgrzphqw zkhq wkh| sod| wkh QH ru wkh
FR ydoxh1 Wklv lqwhulru vroxwlrq fdq eh rewdlqhg e| ghqlqj d qrq0olqhdu sd|r ixqfwlrq lq wkh sulydwh
dqg2ru lq wkh sxeolf jrrg1 Zh fdq hlwkhu fkrrvh d frqfdyh ixqfwlrq iru wkh sulydwh sd|r/ zklfk jlyhv
xv d xqltxh grplqdqw vwudwhj| htxloleulxp/ ru xvh d frqfdyh ixqfwlrq iru wkh sxeolf sd|r1 Lq wklv fdvh/
doo wkh lqglylgxdo Qdvk htxloleuld fruuhvsrqg wr d xqltxh dprxqw ri djjuhjdwh frqwulexwlrq dqg glhu lq
wkh zd| wklv dprxqw lv vsolw dprqj wkh lqglylgxdov/ vhhlqj wkdw wkh vwudwhj| ri d jlyhq sod|hu l ghshqgv
rq wkh frqwulexwlrqv ri wkh rwkhu sod|huv1
Vhiwrq dqg Vwhlqehuj +4<<9, frpsduh h{shulphqwdoo| wkhvh wzr uhzdug vwuxfwxuhv zlwk lqwhulru vrox0
wlrqv dqg qg wkdw dyhudjh grqdwlrqv vljqlfdqwo| h{fhhg wkh suhglfwhg htxloleulxp xqghu erwk wuhdw0
phqwv/ idoolqj urxjko| plgzd| ehwzhhq wkh wkhruhwlfdo htxloleulxp dqg rswlpxp111 Grqdwlrqv duh ohvv
yduldeoh xqghu wkh grplqdqw vwudwhj| htxloleulxp wuhdwphqw wkdq xqghu wkh Qdvk htxloleulxp wuhdwphqw/
hyhq li wklv glhuhqfh lv qrw vljqlfdqw1 D uhzdug vwuxfwxuh zkhuh erwk/ wkh sulydwh dqg wkh sxeolf sd|r
duh txdgudwlf frxog eh irxqg lq Dqguhrql +4<<6,1
Dv lq Nhvhu +4<<9,/ Ydq Glmn hw do1 +4<<:, whvw wkh lqwhulru grplqdqw vwudwhj| xvlqj d txdgudwlf
sd|r iru wkh sulydwh jrrg1 Wkh uhvxowv/ vlplodu wr wkrvh ri Nhvhu +4<<9,/ frqup wkh urexvwqhvv ri
ryhufrqwulexwlrq wr wkh yduldwlrq ri wkh htxloleulxp ohyho1 Zloolqjhu dqg ]lhjhoph|hu +4<<<, wdnh wkh
vdph txdgudwlf ixqfwlrq dv Nhvhu +4<<9, zlwk lqwhulru vroxwlrq dqg suhvhqw lw lqwr wzr glhuhqw frqwh{wv
wr vwxg| wkh glhuhqfh ehwzhhq frqwulexwlrqv lq wkh fdvhv ri srvlwlyh dqg qhjdwlyh h{whuqdolwlhv1 Wkh|
vkrz wkdw vxemhfwv frqwulexwh pruh wr wkh sxeolf jrrg li wkh| shufhlyh wkh dfwlrqv ri rwkhuv dv d
srvlwlyh h{whuqdolw| udwkhu wkdq d qhjdwlyh h{whuqdolw|1 D vlplodu h{shulphqw zdv grqh douhdg| e|
Dqguhrql +4<<8,/ exw lq wkh frqwh{w ri d jdph zlwk vwudqjhuv dqg zlwk d fruqhu vroxwlrq1 Zloolqjhu
dqg ]lhjhoph|hu +4<<<, uhsodfh vwudqjhuv e| sduwqhuv dqg fruqhu vroxwlrq e| dq lqwhulru grplqdqw
vwudwhj|1
Lq dqrwkhu frqwh{w/ Zloolqjhu dqg ]lhjhoph|hu +5334, nhhs wkh vdph ixqfwlrq xvhg lq Nhvhu +4<<9, dqg
e| ydu|lqj wkh pdujlqdo sd|r/ wkh| ydu| wkh htxloleulxp ri wkh jdph1 Wkh vdph lghd lv h{shulphqwdoo|
whvwhg e| Lvddf dqg Zdonhu +4<<;,1 Zkloh wkh odwwhu frqfoxgh wkdw wkhuh lv ryhufrqwulexwlrq iru orz ohyhov
ri wkh htxloleulxp dqg xqghufrqwulexwlrq iru kljk ohyhov/ ryhufrqwulexwlrq lv rewdlqhg iru doo wuhdwphqwv
lq Zloolqjhu dqg ]lhjhoph|hu +5334,1 Lvddf dqg Zdonhu +4<<;, xvh vhyhudo txdgudwlf ixqfwlrqv iru wkh
sxeolf jrrg dqg d olqhdu ixqfwlrq iru wkh sulydwh rqh1 Wkh| gr qrw vshfli| zkhwkhu wkh FR lv lqwhulru
ru qrw dqg irfxv wkhlu dqdo|vlv rq wkh yduldwlrq ri wkh v|pphwulf Qdvk htxloleulxp1 Lq idfw/ fdofxodwlrqv
8Iru d wkhruhwlfdo dqdo|vlv ri wkh lqwhulru vroxwlrq/ vhh Dqghuvrq hw do1 +4<<;,
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vkrz wkdw rqo| rqh ri wkhvh wuhdwphqwv |lhogv dq lqwhulru FR1
Lq d frqwh{w ri d frpprq srro uhvrxufh jdph/ Nhvhu dqg Jdugqhu +4<<<, xvh d frqfdyh ixqfwlrq wkdw
jlyhv dq lqwhulru vroxwlrq e| lqwurgxflqj d olqhdu sd|r iru wkh sulydwh jrrg dqg d frqfdyh rqh iru wkh
sxeolf jrrg1 Wkh uhvxowv vkrz wkdw sod|huv grq*w sod| wkh htxloleulxp ri wkh jdph ri frpprq uhvrxufhv1
Wkh| grq*w wu| wr frrshudwh iru wzr uhdvrqv = wkh uvw lv wkdw wkhvh sod|huv grq*w vhh fohduo| dw zklfk ohyho
frrshudwlrq vkrxog wdnh sodfh1 Wkh vhfrqg uhdvrq lv wkdw wkh| grq*w vhh dq| srvvlelolw| ri lq xhqflqj
wkh ehkdylru ri wkh rwkhuv e| wkhlu rzq ehkdylru1 Wkh dxwkruv vxjjhvw d wkhru| rwkhu wkdq wkh Qdvk
htxloleulxp wr dqdo|}h wkh vwudwhjlf ehkdylru ri h{shulhqfhg vxemhfwv lq d frpprq srro uhvrxufh jdph1
Lq dqrwkhu frqwh{w/ Dqguhrql +4<<6, dovr xvhv d ghvljq wkdw jlyhv d qrq0erxqgdu| htxloleulxp1 Wkh
txhvwlrq dv wr wkh hhfw ri ydu|lqj wkh FR ohyho rq frqwulexwlrqv lv wkxv vwloo rshq1 Wr khos wr dqvzhu
lw/ zh lqwurgxfh d qhz h{shulphqwdo ghvljq wkdw lv glhuhqw iurp doo wkrvh phqwlrqhg deryh wr whvw wkh
hhfw ri ydu|lqj wkh FR ohyho rq frqwulexwlrqv1
  

Rxu h{shulphqw glhuv iurp rwkhu h{shulphqwv wkdw xvh dq lqwhulru Qdvk htxloleulxp lq wkdw wkh|
kdyh d fruqhu FR zklfk lqyroyhv ixoo frqwulexwlrq wr wkh sxeolf jrrg/ zkloh zh suhvhqw dq h{shulphqwdo
ghvljq wkdw jlyhv dq lqwhulru FR1 Dv zh kdyh vdlg/ zh zloo irfxv rq wkh hhfw ri ydu|lqj wkh ohyho ri wklv
rswlpxp rq wkh ghflvlrq ri frqwulexwlqj wr wkh sxeolf jrrg1 Wr gr vr/ zh fkrrvh wr xvh d ixqfwlrq wkdw
lv glhuhqw iurp wkh rqh xvhg e| Nhvhu +4<<9, dqg Zloolqjhu dqg ]lhjhoph|hu +5334,1 Wkhlu ixqfwlrq
lv txdgudwlf lq wkh sulydwh sd|r dqg olqhdu lq wkh sxeolf rqh1 Zh fkrrvh wr xvh d ixqfwlrq wkdw lv/ dv
lq Nhvhu dqg Jdugqhu +4<<<,/ olqhdu iru wkh sulydwh sd|r dqg frqfdyh iru wkh sxeolf rqh/ exw zlwk wkh
sduwlfxodulw| wkdw wkh FR lv dq lqwhulru vroxwlrq1 Wklv ixqfwlrq lv/ iru doo vxemhfw l @ i4> ==> Qj=





zkhuh {l lv wkh sulydwh sduw ri vxemhfw l dqg {l . |l @ H/ wkh lqlwldo hqgrzphqw ri hdfk vxemhfw1
Zlwk vxfk d ixqfwlrq/ wkhuh lv d yhu| sduwlfxodu ghvljq zkhuh wkh QH lv dovr dq lqwhulru vroxwlrq1








dqg wkh QH lv htxdo wr=
\  @ Q| @
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zkhuh | lv wkh v|pphwulf lqglylgxdo Qdvk htxloleulxp1
Zkloh wkh yduldwlrq ri wkh FR lv vljqlfdqw +vxffhvvlyho| doprvw 427/ 425/ 627 dqg 727 ri wkh lqlwldo
hqgrzphqw,/ wkh yduldwlrq ri wkh QH lv vr lqvljqlfdqw +vxffhvvlyho| 42:3/ 52:3/ 62:3 dqg 82:3 ri wkh
lqlwldo hqgrzphqw, wkdw zh fdq frqvlghu lw dv dq lqwhulru/ exw xqfkdqjhg htxloleulxp iurp rqh wuhdwphqw
wr dqrwkhu1 Wklv doorzv xv wr lvrodwh wkh hhfw ri ydu|lqj wkh FR rq frqwulexwlrqv iurp wkh vwudwhjlf
ehkdylru ri vxemhfwv wkdw lv vxssrvhg wr ohdg wkhp wr sod| wkh QH1 Wkxv/ dq| ryhufrqwulexwlrq frxog
rqo| eh gxh wr wkh yduldwlrq ri wkh FR1 Qrwh wkdw zkhq zh uhihu wr wkh QH/ zh phdq wkh v|pphwulf rqh/
zkhuh doo vxemhfwv ri wkh vdph jurxs jlyh wkh vdph dprxqw wr wkh sxeolf jrrg +\  @ Q|,1
9






uhsuhvhqwv wkh lqglylgxdo pdujlqdo sd|r ri rqh wrnhq doorfdwhg wr wkh sxeolf jrrg1 Lqfuhdvlqj  ohdgv
wkhq wr dq lqfuhdvh lq wkh pdujlqdo sd|r ri wkh sxeolf jrrg1 Lq rwkhu zrugv/ lq rxu h{shulphqw wkh
pdujlqdo shu fdslwd uhwxuq +PSFU,9 ghqhg dv wkh udwlr ri ehqhwv wr frvwv iru prylqj d vlqjoh wrnhq
iurp wkh lqglylgxdo wr wkh jurxs frqwulexwlrq/ lv htxdo wr wkh pdujlqdo sd|r ri wkh sxeolf jrrg1
Rqh vkrxog qrwlfh wkdw dq lqfuhdvh lq wkh ydoxh ri wkh pdujlqdo sd|r ri wkh sxeolf jrrg kdv wkh
hhfw ri lqfuhdvlqj wkh ydoxhv ri wkh QH dqg wkh FR1 Wklv frxog kdyh wzr frqwudglfwru| hhfwv= wkh
uvw rqh lv wkdw d kljkhu pdujlqdo sd|r pdnhv wkh sxeolf jrrg pruh lqwhuhvwlqj lq whup ri uhwxuqv dqg
ohdgv vxemhfwv wr lqfuhdvh wkhlu frqwulexwlrqv erwk/ vwudwhjlfdoo| dqg wkurxjk frruglqdwlrq1 Exw rq wkh
rwkhu kdqg/ lqfuhdvlqj wkh pdujlqdo sd|r ri wkh sxeolf jrrg lqfuhdvhv wkh FR ohyho/ zklfk phdqv wkdw
d juhdwhu frqwulexwlrq hruw lv qhhghg wr uhdol}h wkh vrfldo rswlpxp1 Lq vxfk d frqwh{w/ sod|lqj wkh FR
ehfrphv pruh ulvn|/ lq wkh vhqvh wkdw li wkh rwkhu phpehuv ri wkh jurxs gr qrw frqwulexwh/ rqh zloo
kdyh wr vkduh dq lpsruwdqw sduw ri klv ru khu sulydwh sd|r zlwk doo wkh phpehuv ri wkh jurxs1 Wkh
h{shulphqwdo uhvxowv frxog jlyh xv dq lghd derxw zklfk ri wkh wzr hhfwv suhgrplqdwh1
Lq Zloolqjhu +5334,/ wkh yduldwlrq ri wkh pdujlqdo sd|r ri wkh sxeolf jrrg fdxvhv d yduldwlrq lq mxvw
wkh QH dqg kdv qr hhfw rq wkh FR zklfk vwd|v dw wkh pd{lpxp srvvleoh ohyho ri frqwulexwlrq1 Zh kdyh
irxu wuhdwphqwv lq rxu h{shulphqw1 Hdfk wuhdwphqw kdyh d vshflf ydoxh iru 1 E| ydu|lqj wklv ydoxh
+dqg dv d frqvhtxhqfh wkh pdujlqdo sd|r ri wkh sxeolf jrrg,/ zh ydu| wkh FR dqg wkh QH ohyhov1 Wkh
iroorzlqj wdeohv vxppdul}h iru hdfk wuhdwphqw wkh glhuhqw ohyhov ri lqwhulru vroxwlrqv iru hdfk jurxs ri
irxu +Q @ 7, shuvrqv +wdeoh 4 , dqg iru rqh vxemhfw lq hdfk jurxs +wdeoh 5 ,=
Ydoxh ri : Wuhdwphqw Hqgrzphqw V|pphwulf Qdvk htxloleulxp Froohfwlyh rswlpxp
7 O 5;3 7 97
8199 P 5;3 ; 45;
91<6 K 5;3 45 4<5
;1<7 YK 5;3 53 5;3
Wdeoh 4= Wkh QH dqg wkh FR ydoxhv iru wkh irxu wuhdwphqwv iru rqh jurxs1
Ydoxh ri  Wuhdwphqw Hqgrzphqw V|pphwulf Qdvk htxloleulxp Froohfwlyh rswlpxp
7 O :3 4 49
8199 P :3 5 65
91<6 K :3 6 7;
;1<7 YK :3 8 :3
Wdeoh 5= Wkh v|pphwulf QH dqg wkh FR ydoxhv iru wkh irxu wuhdwphqwv iru rqh vxemhfw1
9Vhh Lvddf hw do1 +4<;7,1
:Wkhvh duh dssur{lpdwlyh ydoxhv1 Wkh h{dfw ydoxhv duh uhvshfwlyho|= 7/ 81989;875/ 91<5;5365 dqg ;1<775:4<1 Zh fkrrvh
wkhvh ydoxhv vxfk wkdw wkh FR fruuhvsrqgv uhvshfwlyho| wr 97/ 45;/ 4<5 dqg 5;31
:
Dv zh fdq vhh/ wkh ydoxhv ri wkh Qdvk htxloleulxp ohyho duh yhu| orz lq frpsdulvrq wr wkrvh ri wkh
froohfwlyh rswlpxp dqg wr wkh lqlwldo hqgrzphqw1 Wkxv/ zh zloo eh lqwhuhvwhg khuh rqo| lq wkh yduldwlrq
ri frqwulexwlrqv lq frpsdulvrq wr wkh FR ohyho/ zkloh frqvlghulqj wkh QH doprvw frqvwdqw1
 	
	 	
Zh udq wkh h{shulphqw lq Qryhpehu 5334 dw wkh Ohh[ +Oderudwrul g*Hfrqrpld H{shulphqwdo, dw wkh
ghsduwphqw ri hfrqrplfv dw Xqlyhuvlwdw Srpshx Ideud lq Edufhorqd1 Wkh h{shulphqw zdv frpsxwhul}hg
dqg zh xvhg dv vriwzduh }0Wuhh ghyhorshg e| Ilvfkedfkhu +4<<<,1 Wkh <9 vxemhfwv zkr sduwlflsdwhg lq
wkhvh h{shulphqwv kdyh ehhq vsolw lqwr jurxsv ri irxu shrsoh +Q @ 7,1 Lq hdfk rqh ri wkh ; vhvvlrqv zh udq/
wkuhh udqgrpo| iruphg jurxsv sod|hg wkh vdph wuhdwphqw1 Wkhuh lv qr lqwhudfwlrq ehwzhhq jurxsv1 Wzr
vhvvlrqv zhuh ghyrwhg wr hdfk wuhdwphqw/ surgxflqj d wrwdo ri vl{ lqghshqghqw revhuydwlrqv shu wuhdwphqw1
Lqvwuxfwlrqv zhuh glvwulexwhg lq d zulwwhq irup wr vxemhfwv1 Wkh h{shulphqw*v lqvwuxfwlrqv +vhh ds0
shqgl{ iru wkh lqvwuxfwlrqv uhodwlyh wr wkh O wuhdwphqw, zhuh uhdg rxw orxg ehiruh wkh ehjlqqlqj ri hdfk
vhvvlrq1 Zh pdgh vxuh wkdw wkhvh lqvwuxfwlrqv zhuh zhoo xqghuvwrrg1 Vxemhfwv zhuh dvnhg wr udvh wkhlu
kdqgv li wkh| kdyh dq| txhvwlrqv dqg dqvzhuv zhuh jlyhq sulydwho| e| wkh h{shulphqwhu1
Vxemhfwv zhuh dvnhg lq hyhu| shulrg wr pdnh wkhlu frqwulexwlrq1 Lq hdfk shulrg/ hdfk vxemhfw zdv
hqgrzhg zlwk :3 HFX ; / wr eh vkduhg lqwr wzr sduwv= rqh iru wkh sulydwh jrrg dqg rqh iru wkh sxeolf
rqh1 Sduwv doorfdwhg wr wkh sxeolf jrrg doorzhg wkh jurxs wr kdyh d fhuwdlq dprxqw wkdw zdv suhvhqwhg
wr vxemhfwv lq d wdexodu irup< 1 Hdfk jurxs sod|hg d vhvvlrq ri 58 shulrgv zkhuh wkh wrwdo jdph lv d
uhshwlwlrq ri wkh rqh0vkrw jdph1 Wkh wrwdo jdlq lv wkh vxp ri wkh sd|r ri wkh 58 shulrgv1 Gxulqj
wkh h{shulphqw/ frppxqlfdwlrq zdv qrw doorzhg1 Diwhu wkh hqg ri wkh h{shulphqw/ d txhvwlrqqdluh lv
glvwulexwhg wr vxemhfwv1 Wkh jdlq ri hdfk vxemhfw zdv frqyhuwhg dw wkh hqg ri wkh vhvvlrq iurp HFX lqwr
Shvhwdv dqg shrsoh zhuh sdlg sulydwho| lq fdvk1
Zh whvw irxu wuhdwphqwv zlwk irxu glhuhqw sd|r wdeohv1 Hdfk wuhdwphqw kdv lwv rzq pdujlqdo sd|r
ydoxh iru wkh sxeolf jrrg 1 Hdfk vhvvlrq odvwv rq dyhudjh rqh krxu1
 
 
Rxu dqdo|vlv zloo eh edvhg rq wkh djjuhjdwh ohyho zkhuh zh kdyh iru hdfk wuhdwphqw wkh dyhudjh
frqwulexwlrq rq wkh vl{ jurxsv +\ ,/ wkh djjuhjdwh QH +\ , dqg wkh djjuhjdwh FR1 Wkhvh uhvxowv duh
uhsruwhg lq jxuhv 4 wr 71 Wkh uvw wklqj zh revhuyh zkhq dqdo|}lqj wkh h{shulphqwdo uhvxowv lv wkh idfw
wkdw wkh dyhudjh jurxs frqwulexwlrq +\ , ghfuhdvhv ryhu wlph1 Lq idfw/ wkh Yhu| Kljk wuhdwphqw + @ ;1<7,/
kdv 466166 dqg <418 dv ydoxhv ri wkh uvw dqg wkh odvw shulrgv +vhh jxuh 4 ,1 Lq wkh fdvh ri wkh K dqg
wkh P wuhdwphqwv/ wkh dyhudjh jurxs frqwulexwlrq +\ , ghfuhdvhv gxulqj wkh 43 uvw shulrgv dqg vwd|v dw
d vwhdg| ohyho gxulqj wkh uhvw ri wkh shulrgv ri wkh jdph +vhh jxuhv 5 dqg 6 ,1Lq wkh odvw wuhdwphqw O/
wklv dyhudjh jurxs frqwulexwlrq vwduwv dw 9:19: dqg ghfuhdvhv vwhdglo| gxulqj wkh 58 shulrgv ri wkh jdph
xqwlo qlvklqj dw :149 +vhh jxuh 7 ,1 Wkh ghfuhdvh ri frqwulexwlrqv lv krzhyhu ohvv hylghqw lq wkh YK
wuhdwphqw1 Jhqhudoo|/ li zh gr qrw frqvlghu wkh uvw yh shulrgv wkdw frxog eh dvvlplodwhg wr ohduqlqj
shulrgv/ frqwulexwlrqv duh doprvw vwhdg| ryhu wkh wzhqw| odvw shulrgv iru wkh P/ K dqg YK wuhdwphqwv1
;H{shulphqwdo Fxuuhqf| Xqlw
<Wr vlpsoli| wkh ohfwxuh ri wkh sd|r wdeohv/ wzr wdeohv zhuh suhvhqwhg wr vxemhfwv lq hdfk wuhdwphqw1 Wkh uvw jlyhv d








1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7











1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7
p e rio d s
C O N T R IB U T IO N
C O
N E







1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7











1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7
p e r io d s
C o n trib u tio n
N E
C O
Iljxuh 6= Wrwdo Frqwulexwlrq lq wkh O Wuhdwphqw
<
Wkhvh uhvxowv duh vxppdul}hg lq wkh iroorzlqj wdeoh=
Wuhdwphqw \ dw wkh uvw shulrg Dyhudjh rq 58 shulrgv \ dw wkh odvw shulrg Pd{ Plq
O 9:=9: 55=74 :=49 9:=9: ;
P 436=;6 7:=56 5;=49 436=;6 5:=8
K 478=66 <6=;: 8; 478=66 8;
Y K 466=66 439=:: <4=8 46<=9: ;:=66
Wdeoh 6= dyhudjh jurxs frqwulexwlrq wr wkh sxeolf jrrg iru wkh irxu wuhdwphqwv1
H{fhsw lq wkh K wuhdwphqw/ wkhuh lv qr vljqlfdqw hqg hhfw lq dq| ri wkh irxu wuhdwphqwv1 E| hqg
hhfw zh phdq d ghfuhdvh lq frqwulexwlrqv gxulqj wkh odvw shulrgv ehfdxvh ri wkh vwudwhjlf uhdvrqlqj e|
edfnzdug lqgxfwlrq dqg wr wkh idfw wkdw wkh wlph dw zklfk wkh jdph hqgv lv frpprq nqrzohgjh= vxemhfwv
nqrz wkdw wkhuh zloo qrw eh d uhdfwlrq wr wkhlu qdo ghflvlrq1
H{fhsw iru wkh uvw shulrg ri wkh Orz wuhdwphqw/ zkhuh dyhudjh frqwulexwlrq +9:19:, zdv eljjhu wkdq
wkh FR ydoxh +97,/ iru doo wkh rwkhu shulrgv ri wkh irxu wuhdwphqwv frqwulexwlrqv duh dozd|v ehwzhhq wkh
QH ohyho dqg wkh FR rqh1 Wkh froohfwlyh rswlpxp lv qhyhu uhdfkhg exw lq doo shulrgv ri doo wuhdwphqwv
wkhuh lv ryhufrqwulexwlrq43 1 Wkhuh lv lq idfw qr uhdvrqdeoh ehkdylru wkdw frxog ohdg rqh vxemhfw wr frqvlghu
frqwulexwlqj d ohyho wkdw lv vxshulru wr wkh FR1
Wkh ghvljq ri wkh YK wuhdwphqw fruuhvsrqgv doprvw wr wkh fdvh ri olqhdu sd|r ixqfwlrq zlwk fruqhu
vroxwlrqv1 Wkh uhvxowv zh rewdlq frqup wkrvh frqfhuqlqj wkh olqhdu fdvh lq wkh olwhudwxuh +Dqguhrql
+4<<8,,= wkhuh lv ryhufrqwulexwlrq1 Zh vwloo kdyh wkh w|slfdo frqwudglfwlrq ehwzhhq wkh wkhruhwlfdo suh0
glfwlrqv dqg wkh h{shulphqwdo uhvxowv1 Zkhq wkh FR ohyho lv uhgxfhg/ frqwulexwlrqv pryh forvhu wr wkh
wkhruhwlfdo suhglfwlrq1 Wklv frqupv rxu lqwxlwlrq wkdw wkh ohyho ri wkh FR kdv d vljqlfdqw hhfw rq
vxemhfwv* frqwulexwlrqv1 E| ghfuhdvlqj wkh ohyho ri wklv rswlpxp/ frqwulexwlrqv ydu| lq wkh vdph gluhfwlrq1
Dyhudjh jurxs frqwulexwlrq +\ , lv htxdo wr 439=:: iru wkh YK wuhdwphqw1 Wklv ydoxh lv htxdo wr <6=;:
+uhvshfwlyho| 7:=56 dqg 55=74, iru wkh K +uhvshfwlyho| P dqg O, wuhdwphqw1 Wkh ghfuhdvh ri wkh FR ohyho
lv wkh frqvhtxhqfh ri wkh ghfuhdvh ri wkh pdujlqdo sd|r ri wkh sxeolf jrrg1 Wkh ghfuhdvh fohduo| pdnhv
frqwulexwlrq wr wkh sxeolf jrrg ohvv lqwhuhvwlqj iru vxemhfwv/ vlqfh wkh| h{shfw wr uhfhlyh ohvv iurp rqh
wrnhq doorfdwhg wr wkh jurxs1
Ohw xv uvw frpsduh wkh glhuhqw wuhdwphqwv lq devroxwh ydoxhv ri wkh ohyho ri frqwulexwlrq ehiruh xvlqj
dv lq Zloolqjhu dqg ]lhjhoph|hu +5334, dq ryhufrqwulexwlrq lqgh{ iru wklv frpsdulvrq1 Wr gr vr/ ohw xv
ghqh wkh xqghu0rswlpxp ydoxh dv wkh glhuhqfh ehwzhhq wkh FR dqg dyhudjh jurxs frqwulexwlrq +\ ,
dqg wkh ryhuQdvk ydoxh dv wkh glhuhqfh ehwzhhq dyhudjh frqwulexwlrq +\ , dqg wkh QH +\ ,1 Wkh uhvxowv
vkrz wkdw wkh ryhuQdvk ydoxh lv ghfuhdvlqj ryhu wlph dqg wkdw wkh xqghu0rswlpxp ydoxh lv lqfuhdvlqj
ryhu wlph lq doo wkh wuhdwphqwv1 Wklv phdqv wkdw iru hdfk wuhdwphqw/ zkloh sod|lqj wkh jdph/ vxemhfwv*
frqwulexwlrqv duh forvhu wr wkh QH dqg iduwkhu iurp wkh FR1 Wkhvh ydoxhv duh dovr lqfuhdvlqj zlwk wkh
froohfwlyh rswlpxp ohyho +vhh wdeoh 7 ,1 Wkdw phdqv wkdw dq lqfuhdvh ri wklv ohyho kdv dv hhfw erwk/ dq
lqfuhdvh ri frqwulexwlrqv exw dovr dq lqfuhdvh ri wkh jds ehwzhhq frqwulexwlrqv dqg wkh FR = lq whupv ri
devroxwh ydoxhv sod|huv duh pruh olnho| wr sod| wkh froohfwlyh rswlpxp zkhq lwv ohyho lv orz wkdq zkhq lw lv
kljk1 Wkdw lv frqwulexwlrqv duh qhduhu wr wklv rswlpxp dv wkh ohyho ri wkh froohfwlyh rswlpxp lv uhgxfhg1
43 lq frpsdulvrq wr wkh Qdvk htxloleulxp1
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Wdeoh 7= RyhuQdvk dqg xqghuRswlpxp ydoxhv iru wkh irxu wuhdwphqwv1
Qrwlfh wkdw ryhufrqwulexwlrq lv yhu| kljk lq frpsdulvrq wr wkh ohyho ri wkh QH1 Wklv lv gxh wr wkh idfw
wkdw wkh htxloleulxp ydoxhv duh yhu| orz +doprvw dw }hur, lq wkh irxu wuhdwphqwv lq frpsdulvrq wr wkh
lqlwldo hqgrzphqw1
Zloolqjhu dqg ]lhjhoph|hu +5334, h{dplqh wkh udwh ri ryhufrqwulexwlrq zlwk d ghvljq zkhuh wkh lqlwldo
hqgrzphqw frlqflghv zlwk wkh froohfwlyh rswlpxp +H @ FR, dqg wkh QH lv lqwhulru1 Wkh| ghqh wklv
udwh dv wkh glhuhqfh ehwzhhq wkh hhfwlyh +\ , dqg wkh htxloleulxp frqwulexwlrq +\ , uhodwlyh wr wkh
udqjh ri srvvleoh ryhu frqwulexwlrq=
+\  \ ,
+H  \ ,
Wkh| irxqg wkdw wklv udwh ghfuhdvhv zkhq wkh vrfldo glohppd/ uhsuhvhqwlqj wkh glhuhqfh ehwzhhq
wkh htxloleulxp frqwulexwlrq ohyho dqg wkh vrfldo rswlpxp +FRQH, lv uhgxfhg1 Xvlqj wkh vdph irupxod
wr fdofxodwh wkh ryhufrqwulexwlrq udwh/ rxu h{shulphqw frqupv wkhvh uhvxowv= wklv udwh ydulhv iurp 6616:(
wr 919:( dv zh sdvv iurp wkh YK wr wkh O wuhdwphqw +vhh wdeoh 8 ,1
Wuhdwphqw \  FR \ +\  \ ,2+H  \ , +\  \ ,2+FR\ , \@H \@FR
O 7 97 55=74 919:( 6319;( ;( 68135(
P ; 45; 7:=56 47175( 6519<( 491<( 691<(
K 45 4<5 <6=;: 63188( 78=7;( 6618( 7;1;<(
YK 53 5;3 439=:: 6616:( 6616:( 6;14( 6;146(
Wdeoh 8= wkh Ryhufrqwulexwlrq udwh dqg wkh fruuhfwhg ryhufrqwulexwlrq udwh iru wkh irxu
wuhdwphqwv
Exw wklv zd| ri fdofxodwlqj wkh ryhufrqwulexwlrq udwh/ dv lq Zloolqjhu dqg ]lhjhoph|hu +5334,/ xvh wkh
lqlwldo hqgrzphqw +H, wkdw lv xqfkdqjhg iurp d wuhdwphqw wr dqrwkhu dqg grhv qrw wdnh lqwr dffrxqw
wkh idfw wkdw wkh FR lv lq rxu ghvljq lq wkh lqwhulru ri wkh vwudwhj| vsdfh1 Rxu h{shulphqw doorzv vxfk
d wklqj/ jlyhq wkdw lq rxu ghvljq wkh FR ydulhv dqg grhv qrw frlqflgh zlwk wkh lqlwldo hqgrzphqw dv lq
Zloolqjhu dqg ]lhjhoph|hu +5334,1 Wr wdnh lqwr dffrxqw wkh yduldwlrq ri wkh FR ohyho/ zh zloo fruuhfw wklv
udwh e| uhsodflqj wkh lqlwldo hqgrzphqw +H, lq wkh irupxod ri wkh ryhufrqwulexwlrq udwh e| wkh FR1 Wkhuh
lv qr uhdvrq/ lq idfw wr frpsduh wkh hhfwlyh ryhufrqwulexwlrq wr wkh udqjh ri srvvleoh ryhufrqwulexwlrq li
wkh FR lv lqwhulru1 Zh dvvxph orjlfdoo| wkdw vxemhfwv kdyh qr lqwhuhvw wr frqwulexwh pruh wkdq wkh FR/
ehfdxvh dq| uhvxowv wkdw fdq eh dfklhyhg zlwk d ohyho ri frqwulexwlrq wkdw lv juhdwhu wkdq wklv rswlpxp
fdq eh rewdlqhg zlwk ohvv lqglylgxdo hruw ri frqwulexwlrq1 Xvlqj wklv fruuhfwhg ryhufrqwulexwlrq lqgh{/
rxu uhvxowv vkrz wkdw/ h{fhsw iru wkh K wuhdwphqw zkhuh zh kdyh wkh odujhvw udwh +78=7;(,/ wkhuh lv qr
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vljqlfdqw glhuhqfh ehwzhhq wkh udwhv ri wkh wkuhh rwkhu wuhdwphqwv1 Wklv udwh lv derxw 63( iru wkh O/
P dqg YK wuhdwphqw +vhh wdeoh 8 ,1
Vlqfh wkh ydoxhv ri wkh QH duh yhu| vpdoo lq frpsdulvrq wr frqwulexwlrqv dqg wr wkh FR/ zh fdq vdiho|
ljqruh wkh QH dqg ghqh wkh fruuhfwhg ryhufrqwulexwlrq udwh dv wkh shufhqwdjh ri hhfwlyh frqwulexwlrq
lq frpsdulvrq wr wkh FR1 Xvlqj wklv ghqlwlrq/ zh fdq vd| wkdw vxemhfwv lq rxu h{shulphqw frqwulexwh d
ydoxh wkdw lqfuhdvhv zlwk wkh FR exw wkhlu frqwulexwlrq uhsuhvhqwv d frqvwdqw sursruwlrq ri wkh froohfwlyh
rswlpdo frqwulexwlrq1 Wklv vxjjhvwv wkdw vxemhfwv dgrsw wkh vdph ehkdylru zkloh sdvvlqj iurp d wuhdwphqw
wr dqrwkhu1
Lq whupv ri wkh vrfldo glohppd/ Zloolqjhu dqg ]lhjhoph|hu +5334, irxqg wkdw uhgxflqj wklv jds
dv wkh| phdvxuh lw ohdgv wr d ghfuhdvh lq wkh dyhudjh frqwulexwlrq udwh1 Rxu h{shulphqw/ xvlqj wkh
vdph dyhudjh frqwulexwlrq udwh frqupv wkhvh uhvxowv1 Exw zlwk wkh fruuhfwhg udwh/ yduldwlrqv lq wkh
vrfldo glohppd gr qrw dhfw wkh ryhufrqwulexwlrq udwh1 Wkdw lv/ lq rxu h{shulphqw/ vxemhfwv dgdsw wkhlu
frqwulexwlrqv vxfk wkdw zkloh wkh vrfldo glohppd lv ydu|lqj/ wkh dyhudjh jurxs frqwulexwlrq uhpdlqv d
frqvwdqw sduw ri wkh FR ri wkh jdph1
Lq wkh O wuhdwphqw +jxuh 7 ,/ wkh dyhudjh jurxs frqwulexwlrq vhhpv wr ghfuhdvh dqg wr frqyhujh
vwhdglo| wr wkh QH ydoxh +7,1 Iru wklv wuhdwphqw/ zkhuh wkh FR ohyho lv yhu| orz/ vxemhfwv vhhp wr
frqyhujh wr wkh wkhruhwlfdo suhglfwhg ydoxh1 Wkh glhuhqfh ehwzhhq wkh wkhruhwlfdo suhglfwlrq dqg wkh
h{shulphqwdo uhvxowv lv ohvv hylghqw dqg vxfk d uhvxow lv uduho| revhuyhg jhqhudoo| lq wkh h{shulphqwdo
olwhudwxuh uhodwlyh wr sxeolf jrrgv1 Sdudgr{lfdoo|/ vxemhfwv frqwulexwh ohvv dqg ohduq wr sod| wkh QH ydoxh
zkhq wkh FR lv orz1 Iru wklv lv suhflvho| wkh fdvh lq zklfk wkh FR lv hdv| wr uhdfk lq wkh vhqvh wkdw
lw grhv qrw uhtxluh d odujh frqwulexwlrq1 Iru kljk ohyhov ri wkh FR/ lw lv lq idfw ulvn| iru rqh vxemhfw wr
frrshudwh dqg wr wu| wr uhdfk wkh vrfldo rswlpxp e| frqwulexwlqj d odujh dprxqw wr wkh sxeolf jrrg1
Wdnlqj vxfk d ulvn fdq ohdg rqh vxemhfw wr vkduh klv ru khu frqwulexwlrq zlwk rwkhu vxemhfwv wkdw fkrrvh
qrw wr frqwulexwh/ dqg wr orvh/ lq vr grlqj prvw ri klv ru khu sulydwh sd|r1 Iru wkh O wuhdwphqw/ wkh
vrfldo glohppd lv yhu| orz dqg qhyhuwkhohvv/ vxemhfwv gr qrw sod| wkh FR1 Krzhyhu/ iru kljk ohyhov ri
wkh FR/ vxemhfwv frqwulexwh pruh wkdq wkh FR ydoxh ri wkh O wuhdwphqw1
 !	

Rxu h{shulphqw vkrzv wkdw wkh ohyho ri wkh froohfwlyh rswlpxp lv rqh ri wkh sdudphwhuv wkdw lqwhuyhqhv
lq wkh ghflvlrq dv wr krz pxfk wr frqwulexwh dqg vkrxog eh wdnhq lqwr dffrxqw lq d sxeolf jrrg h{shulphqw
dv kdyh vhyhudo rwkhu sdudphwhuv wkdw kdyh ehhq h{shulphqwdoo| whvwhg ehiruh/ olnh wkh Qdvk htxloleulxp
ohyho/ wkh qxpehu ri sod|huv frqvwlwxwlqj wkh jurxs ru wkh frqwh{w ri wkh h{shulphqw1
Zkhq wklv froohfwlyh rswlpxp lv orz/ dowkrxjk lw lv qrw ulvn| wr sod| wkh vrfldo rswlpxp/ vxemhfwv
ohduq wr sod| wkhlu Qdvk htxloleulxp dqg gr qrw frrshudwh ru wu| wr whvw vwudwhjlhv rwkhuv wkdq sod|lqj
doprvw wkh htxloleulxp ri wkh jdph1 Qhyhuwkhohvv/ ryhufrqwulexwlrq lv revhuyhg iru doo wuhdwphqwv1 Dq
lqfuhdvh lq wkh froohfwlyh rswlpxp ohyho ohdgv wr wkh vwdqgdug uhpdun ri wkh qrq0fruuhvsrqghqfh ri wkh
h{shulphqwdo uhvxowv wr wkh wkhruhwlfdo rqhv/ vlqfh wkhuh lv dq hhfwlyh lqfuhdvh lq frqwulexwlrqv1 Wkh
odwwhuv duh ixuwkhu iurp wkh Qdvk htxloleulxp dqg iurp wkh Froohfwlyh rswlpxp +lq devroxwh ydoxh, dv wkh
froohfwlyh rswlpxp lqfuhdvhv1 Zh vkrz lq idfw wkdw lq doo wuhdwphqwv/ wkh ryhuQdvk ydoxh lv ghfuhdvlqj
ryhu wlph/ zkloh wkh xqghu0rswlpxp ydoxh lv lqfuhdvlqj ryhu wlph1
Lq uhodwlyh ydoxh/ zh fdofxodwh wkh dyhudjh ryhufrqwulexwlrq udwh/ dqg dv lq Zloolqjhu dqg ]lhjhoph|hu
+5334,/ zh qg wkdw uhgxflqj wkh vrfldo glohppd ohdgv wr d ghfuhdvh lq wklv dyhudjh ryhufrqwulexwlrq
udwh1 Wklv uhvxow lv qrw wuxh dq|pruh zkhq zh frpsxwh d qhz lqgh{ wdnlqj lqwr dffrxqw wkh FR lq vslwh
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ri wkh lqlwldo hqgrzphqw1 Wkh sduw +lq shufhqwdjh, doorfdwhg wr wkh sxeolf jrrg lv doprvw frqvwdqw +zlwk
wkh h{fhsw ri wkh K wuhdwphqw, lq frpsdulvrq wr wkh FR ohyho1 Wkh idfw wkdw wkh fruuhfwhg lqgh{ lv




   
Zhofrph/
Wklv lv dq h{shulphqw wkdw doorzv |rx wr hduq prqh|1 Wkh lqvwuxfwlrqv duh vlpsoh dqg li |rx iroorz
wkhp fduhixoo| dqg pdnh jrrg ghflvlrqv/ |rx pd| hduq d frqvlghudeoh dprxqw ri prqh|1 Wklv prqh| zloo
eh sdlg wr |rx lq fdvk dw wkh hqg ri wkh h{shulphqw1
\rx zloo eh udqgrpo| dvvljqhg lq wkh ehjlqqlqj ri wkh h{shulphqw wr d jurxs ri 7 shrsoh +|rx dqg
6 rwkhuv,1 Hdfk jurxs zloo frqvlvw ri wkh vdph shuvrqv iru wkh gxudwlrq ri wkh vhvvlrq1 Wkh vhvvlrq zloo
odvw iru 58 shulrgv1 Lq hdfk shulrg |rx zloo eh uhtxluhg wr pdnh d ghflvlrq dqg |rxu wrwdo lqfrph zloo
ghshqg rq wkhvh ghflvlrqv1 \rxu wrwdo hduqlqj iru wkh vhvvlrq zloo eh wkh vxp ri |rxu hduqlqjv lq doo wkh
58 shulrgv1 Wkh vshflf lghqwlwlhv ri wkh rwkhu shrsoh lq |rxu jurxs zloo qrw eh uhyhdohg wr |rx1
\rx duh qrw doorzhg wr frppxqlfdwh zlwk dq|rqh hovh lq wkh urrp gxulqj doo wkh vhvvlrq1 Li |rx kdyh
d txhvwlrq dw dq| wlph/ sohdvh udlvh |rxu kdqg1 Rqh ri xv zloo frph wr |rxu vhdw/ dqg |rx fdq sulydwho|
dvn |rxu txhvwlrq1 Dq| frppxqlfdwlrq zloo ohdg wr |rxu h{foxvlrq iurp wkh jdph zlwkrxw dq| sd|phqw1
Dw wkh ehjlqqlqj ri hdfk shulrg |rx zloo uhfhlyh d frqvwdqw lqfrph lq wrnhqv +wkh vdph iru doo wkh
shulrgv,1 \rx zloo eh dvnhg wr vkduh wklv lqfrph lqwr wzr sduwv= sduw D dqg sduw E1
Wkh wrnhqv |rx doorfdwh wr sduw D duh douhdg| iru |rx1 Wkh uhvw ri wkh wrnhqv wkdw |rx zloo doorfdwh
wr wkh sduw E zloo doorz |rx wr hduq dq dprxqw wkdw ghshqgv rq |rxu frqwulexwlrq/ exw dovr rq wkh
frqwulexwlrqv wr wkh sduw E ri wkh wkuhh rwkhu shuvrqv ri |rxu jurxs1 Wkh dprxqw |rx hduq iurp wkh vxp
ri |rxu frqwulexwlrqv wr wkh sduw E zloo eh vkduhg htxdoo| ehwzhhq wkh irxu shuvrqv ri |rxu jurxs1 Wkh
hduqlqj ri doo wkh jurxs iurp wkh sduw E zloo eh fdofxodwhg dv vkrzq lq wkh iroorzlqj sd|r wdeoh44 +wdeoh
9 ,1
\rxu wrwdo sd|r zloo eh htxdo wr wkh wrnhqv |rx doorfdwh wr sduw D soxv |rxu sduw iurp wkh hduqlqjv
iurp wkh vxp ri wkh wrnhqv doorfdwhg e| doo wkh shuvrqv ri |rxu jurxs wr sduw E1
Dw wkh hqg ri hdfk shulrg/ |rx zloo nqrz wkh wrwdo dprxqw wkdw wkh jurxs doorfdwhv wr sduw E/ |rxu
shuvrqdo hduqlqjv iurp wkh sduw E dqg |rxu wrwdo surw +iurp sduw D dqg sduw E,1
Dw wkh hqg ri wkh h{shulphqw/ |rxu wrwdo hduqlqj iurp wkh 58 shulrgv zloo eh jlyhq wr |rx sulydwho| lq
fdvk1
Wkh wrnhqv zloo eh h{fkdqjhg iru prqh| dw d udwh ri =
433 wrnhqv @ 4:1;8:47 shvhwdv1
44D vxpphulvhg yhuvlrq lv jlyhq lq wdeoh 91
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Wdeoh 9= wkh sd|r wdeoh iru wkh jurxs dqg wkh vkduh ri hdfk sod|hu
$ %	
DQGHUVRQ/ V1 S1/ JRHUHH M1 N1 dqg KROW/ Fk1 D1 +4<<;,= D Wkhruhwlfdo Dqdo|vlv ri Dowuxlvp
dqg Ghflvlrq Huuru lq Sxeolf Jrrgv Jdphv / Mrxuqdo ri Sxeolf Hfrqrplfv/ Yro1 :31
DQGUHRQL/ M1 +4<<6,= Dq H{shulphqwdo Whvw ri wkh Sxeolf0Jrrgv Furzglqj0Rxw K|srwkhvlv/ Wkh
Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;6/ q81
DQGUHRQL/ M1 +4<<8,= Frrshudwlrq lq Sxeolf0Jrrgv H{shulphqwv = Nlqgqhvv ru Frqixvlrq B/ Wkh
Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;8/ q71
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FKDQ/ JRGE\/ PHVWHOPDQ dqg PXOOHU +4<<:,= Htxlw| Wkhru| dqg wkh Yroxqwdu| Surylvlrq
ri Sxeolf Jrrgv/ Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ Yro1 651
GDYLV/ G1 G1 dqg KROW/ Fk1 D1 +4<<6,= H{shulphqwdo Hfrqrplfv/ Sulqfhwrq Xqlyhuvlw| Suhvv/
Sulqfhwrq/ Q1M1
Ydq GLMN/ I1 dqg ydq ZLQGHQ/ I1 +4<<:,= G|qdplfv ri Vrfldo Wlhv dqg Orfdo Sxeolf Jrrg
Surylvlrq/ Mrxuqdo ri Sxeolf Hfrqrplfv/ Yro1 971
ILVFKEDFKHU/ X1 +4<<<,= }0Wuhh 0]xulfk Wrroer{ iru Uhdg| pdgh Hfrqrplf H{shulphqwv0 H{0
shulphqwhu*v Pdqxdo/ zrunlqj sdshu q 54/ Lqvwlwxwh iru Hpslulfdo Uhvhdufk lq Hfrqrplfv/ Xqlyhuvlw|
ri ]xulfk1
LVDDF/ ZDONHU dqg WKRPDV +4<;7,= Glyhujhqw Hylghqfh rq Iuhh0Ulglqj= dq H{shulphqwdo
H{dplqdwlrq ri Srvvleoh H{sodqdwlrqv/ Sxeolf Fkrlfh/ Yro1 761
LVDDF dqg ZDONHU +4<<;,= Qdvk dv dq Rujdql}lqj Sulqflsoh lq wkh Yroxqwdu| Surylvlrq ri Sxeolf
Jrrgv= H{shulphqwdo Hylghqfh/ H{shulphqwdo Hfrqrplfv/ Yro1 41
NHVHU/ F1 +4<<9,= Yroxqwdu| Frqwulexwlrqv wr d Sxeolf Jrrg Zkhq Sduwldo Frqwulexwlrq lv d
Grplqdqw Vwudwhj|/ Hfrqrplf Ohwwhuv/ Yro1 831
NHVHU/ F1 dqg JDUGQHU/ U1 +4<<<,= Vwudwhjlf Ehkdylru ri H{shulhqfhg Vxemhfwv lq d Frpprq
Srro Uhvrxufh Jdph/ Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru|/ Yro1 5;1
NHVHU/ F1 +5335,= Frrshudwlrq lq Sxeolf Jrrgv H{shulphqwv/ lq Iulhgho Erooh dqgPdufr Ohkpdqq0
Zdhqvfkplgw +hgv1, = Vxuyh|v lq H{shulphqwdo Hfrqrplfv/ Sk|vlfd0Yhuodj1
OHG\DUG/ M1R1 +4<<8,= Sxeolf Jrrgv= D Vxuyh| ri H{shulphqwdo Uhvhdufk/ lq NDJHO/ M1 dqg
Urwk/ D1 +hgv1,/ Wkh Kdqgerrn ri H{shulphqwdo Hfrqrplfv/ Sulqfhwrq Xqlyhuvlw| Suhvv1
SDOIUH\/ W1 dqg SULVEH\/ M1 +4<<:,= Dqrpdorxv Ehkdylru lq Olqhdu Sxeolf Jrrgv H{shulphqwv=
Krz Pxfk dqg Zk|B/ Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;:1
VFKXO]/ X1/ DOEHUV/Z1 dqgPXHOOHU/ X1 +4<<7,= Vrfldo Glohppdv dqg Frrshudwlrq/ Vsulqjhu0
Yhuodj +hgv1,1
VHIWRQ/ P1 dqg VWHLQEHUJ/ U1 +4<<9,= Uhzdug Vwuxfwxuhv lq Sxeolf Jrrg H{shulphqwv/ Mrxu0
qdo ri Sxeolf Hfrqrplfv/ Yro1 941
ZLOOLQJHU/ P1 dqg ]LHJHOPH\HU/ D1 +4<<<,= Iudplqj dqg Frrshudwlrq lq Sxeolf Jrrg Jdphv
= dq H{shulphqw Zlwk dq Lqwhulru Vroxwlrq/ Hfrqrplf Ohwwhuv/ Yro1 981
ZLOOLQJHU/ P1 dqg ]LHJHOPH\HU/ D1 +5334,= Vwuhqjwk ri wkh Vrfldo Glohppd lq d Sxeolf
Jrrgv H{shulphqw= dq H{sorudwlrq ri wkh Huuru K|srwkhvlv/ H{shulphqwdo Hfrqrplfv/ Yro1 71
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